Evolutionarily
Introduction
Sonic hedgehog (Shh) encodes a signal protein that plays an essential role in vertebrate development (McMahon et al., 2003; Riddle et al., 1993) . A gradient distribution of the Shh protein is critical for vertebrate body plans, such as differentiation of specific neurons in the neural tube and digit specification in the limb bud (Litingtung and Chiang, 2000; Litingtung et al., 2002; Rowitch and Kriegstein, 2010; te Welscher et al., 2002; Zeller et al., 2009 ). In addition to Shh, Indian hedgehog (Ihh) contributes to the morphogenesis of the primitive gut (Mao et al., 2010; Ramalho-Santos et al., 2000) . These two Hedgehog genes show partially overlapping but distinct expression patterns. Shh is exclusively expressed in the oral, tracheal, lung and esophageal epithelia, whereas Ihh is expressed in the epithelium of the digestive tubes caudally from the stomach. Genetic removal of Hh signals from the endodermal epithelium causes severe reduction of cell proliferation in the underlying mesenchyme, and results in thinner walls of the stomach and intestine (Mao et al., 2010) . Smooth muscle a-actin (SMA) is expressed in the endodermal mesoderm, and is a target of Hh signaling. SMA is essential for normal differentiation of the smooth muscle. Reduced Hh signaling downregulates SMA everywhere in endodermal 0925-4773/$ -see front matter Ó 2014 Published by Elsevier Ireland Ltd. http://dx.doi.org/10.1016/j.mod.2013.09.003 mesenchyme. Both Shh and Ihh proteins bind to the same receptor, Ptch1, on the target cell membrane, and give an equivalent signal input mediated by the same cellular signal transducers, such as Smo (Ingham et al., 2011; Varjosalo and Taipale, 2008) ; therefore, at least one of the two Hh signals is required for proper endodermal development.
We previously reported three conserved non-coding elements (CNEs), termed MRCS1, MFCS4 and MACS1, which contain endoderm-specific enhancers for Shh expression in the mouse embryo ). MRCS1 and MFCS4 regulate Shh expression in the anterior and posterior domains of the oropharyngeal epithelium, respectively. MACS1 regulates Shh expression in the lung and gut epithelium. Targeted deletion of MFCS4 abrogated Shh expression specifically in the pharyngeal epithelium, and resulted in dysmorphism in the pharyngeal apparatus. Therefore, continuous Shh expression in the endodermal epithelial lining, which is enabled by the coordinated actions of the enhancers, is necessary for proper endodermal development. LacZ reporter expressions activated by the three enhancers mostly recapitulated the endogenous expression of Shh. However, the reporter expression in gastroesophageal epithelium was not directed by any of the three enhancers. This suggests that there is another, as yet unidentified, enhancer that regulates Shh expression in the gastroesophageal epithelium.
Many functional cis-elements are located hundreds of kilobases away from the coding region of target genes (Bulger and Groudine, 2011; Sanyal et al., 2012; West and Fraser, 2005) . The limb and endoderm enhancers of Shh are representative of such cis-elements. In general, this situation has hampered the identification of cis-elements. To overcome this difficulty, Jeong and colleagues used BAC transgenic mice to screen regulatory elements for Shh expression in the mouse embryo (Jeong et al., 2006) . They revealed novel brain enhancers several hundred kilobases upstream of the Shh coding sequence (CDS). Their BAC transgenic assay also showed presence of a cis-regulatory element located within a 120 Kb region upstream of the Shh CDS, which potentially directs Shh expression in the primitive gut.
In this study, we conducted comprehensive transgenic reporter assays and in silico comparative genomics analysis to explore cis-elements that regulate Shh expression in the gastroesophageal epithelium of mouse embryos. We identified a novel, less-conserved cis-regulatory element for Shh expression in the esophageal epithelium, as well as in the lung and intestinal epithelium, in a region 100 Kb upstream of the Shh CDS. The new element compensates for the enhancer activities of the three previously identified enhancers, and the combined activities of all four enhancers permit the seamless Shh expression in the epithelial linings of the whole endodermal tissues in the mouse embryo.
Results

Conserved non-coding elements and epigenetic marks upstream of the Shh CDS
To find functional units that control Shh expression, we conducted a comparative analysis of the genome architecture around the Shh locus among several vertebrate species. A 100 Kb sequence upstream of the Shh CDS in the mouse genome was compared with corresponding regions of human, chicken and frog ( Fig. 1A and B) . Four CNEs were identified in this region (Fig. 1B) . One of them, located closest to the Shh CDS, corresponded to a previously reported floor plate enhancer SFPE1 (Epstein et al., 1999) . The other three were located 65 Kb (CNE1), 74 Kb (CNE2) and 112 Kb (CNE3) upstream of the Shh CDS (Fig. 1B) . To test the enhancer activity of these CNEs, we generated transgenic mice containing each of the conserved elements flanked by the LacZ reporter cassette. None of the CNEs showed tissue specific enhancer activity in the E11.5 transgenic mice (Table 1 ). The result indicated that each CNE alone cannot sufficiently upregulate Shh expression.
DNase I hypersensitivity generally represents an open chromatin state of a genome, and occasionally corresponds to activity of cis-regulatory elements. As a result of the mouse ENCODE project, information concerning the genome-wide distribution of DNase I hypersensitive (HS) sites is available (http://genome.ucsc.edu/). This permits searching for candidate cis-regulatory elements in several mouse tissues and cell lines (Consortium, 2011; John et al., 2011) . By the later stages of development, the expression of Shh is mostly downregulated in the lung and gut (Bitgood and McMahon, 1995; Varjosalo and Taipale, 2008) , and it is detected only in the stomach of adult mouse ( Fig. 2A) . Even in adult mouse at 8 weeks of age, four and five distinct DNase I HS sites are still observed in the lung and large intestine, respectively (Fig. 2B , arrowheads). These HS sites are specific to adult endodermal tissues, and are not seen in other tissues of mice at 8 weeks of age and in the E11.5 embryo where Shh is expressed. Histone H3 mono-methylation at lysine 4 (H3K4me1) indicate active enhancers (Heintzman et al., 2009; Hon et al., 2009; Shen et al., 2012) . The ChIP-seq data of the ENCODE project show that H3K4me1, but not H3K4me3, marks all four DNaseI HS sites in the adult lung ( Fig. 2C) (Consortium, 2011; Shen et al., 2012) . The pattern of H3K4me1 marks in the small intestine is similar to those in the lung. Several H3K4me1 marks in the small intestine overlap the H3 acetylation marks at lysine 27 (H3K27ac), which are known to be associated with open chromatin structure (Creyghton et al., 2010) . On the other hand, H3K27 sites at the Shh CDS are trimethylated, representing polycomb-dependent silenced loci (Schwartz and Pirrotta, 2007) , which are consistent with the decreased expression level of Shh in the small intestine of adult mice (Saqui-Salces and Merchant, 2010; van den Brink, 2007) .
2.2.
Transgenic BAC assay to explore cis-elements that regulate lung-and gut-specific Shh expression
The epigenetic marks in adult endodermal tissues may provide candidate sites for the lung and gut enhancers within the 100 Kb genomic region upstream of the Shh CDS. To examine whether each of the DNase I HS sites is responsible for upregulating the expression of Shh, we employed a transgenic reporter assay using BAC clones (Figs. 1A and 3A) . BAC clone RP23-401I10 contains a 123 Kb stretch of the mouse genome upstream of the Shh CDS. A LacZ reporter cassette was inserted into the first ATG of the Shh CDS in the BAC clone using homologous recombination method in bacteria (Datsenko and Wanner, 2000) . Transgenic mouse embryos with the construct RP23-401I10-Shh-LacZ (abbreviated as 401I10-Z in Fig. 3A) showed LacZ expression in neural tissues, such as the ventral brain and neural tube at E10.5. The reporter expression was regulated by SFPE and two other enhancers located in an intron of Shh, as reported previously (Epstein et al., 1999; Jeong et al., 2006) . In addition, we found LacZ expression in the epithelium of embryonic endodermal organs, including the esophagus and stomach (Fig. 3B ), recapturing endogenous Shh expression. The reporter signals were also observed in the lung, intestine and cloaca, where enhancer MACS1 regulates Shh expression ). This result suggested that the 123 Kb genomic region upstream of the Shh CDS contains a regulatory element(s) for the endodermal tissues.
A BAC clone named RP24-239P4 harbors a 52 Kb stretch of the genomic region upstream of the Shh CDS, which contains three proximal HS sites (arrowheads 2-4 in Fig. 2B ) in the adult lung, but not the most distal HS site and the three CNEs (Figs. 1A and 3A). As a result of the transgenic BAC assay with the construct RP24-239P4-Shh-LacZ (abbreviated as 239P4-Z in Fig. 3A ), reporter expression was observed in the neural tissues of E10.5 embryos, but not in the lung and gut (Fig. 3C) . Thus, the 52 Kb-proximal half of the insert of RP23-401I10 is insufficient to induce endodermal expression of Shh, in spite of the presence of the three DNase I HS sites (arrowheads 2-4 in Fig. 2B ) in that region.
To determine which segment is responsible for the endodermal expression in the remaining 71 Kb stretch of the distal half of the RP23-401I10 insert, a 33 Kb sequence representing either the proximal or distal segment of the 71 Kb stretch was deleted, respectively ( Fig. 3A) . A transgenic BAC assay with the distal 33 Kb deletion resulted in loss of reporter expression in the lung and gut of transgenic embryos (Fig. 3D ), whereas the proximal 33 Kb deletion retained the endodermal LacZ expression, as was seen with the original reporter construct (Fig. 3E ). Further deletion of a 17 Kb stretch (abbreviated as 401I10-Z Dp50K in Fig. 3A ) containing the most distal HS site led to downregulation of LacZ expression in the endodermal epithelium, but not in the neural tissues. The results of the transgenic BAC assay showed that the 17 Kb stretch located 100 Kb upstream from the Shh CDS likely contains a functional element regulating the lung-and gut-specific expression of Shh during mouse embryogenesis.
To further narrow down the genomic region that elicits reporter expression in the endodermal epithelium of lung and gut, we divided the 17 Kb stretch into four fragments for transgenic reporter assay. Transgenic mice with the three reporter constructs, 1-HSF51, 2-HSF51 or 4-HSF51, yielded no specific LacZ expression in the endodermal tissues of E11.5 transgenic embryos. By contrast, lung-and gut-specific expression of LacZ was observed in transgenic mice with the construct 3-HSF51 (Fig. 3A , F and G), which mimics the endogenous Shh expression (Fig. 3H ). Removal of a proximal 1.4 Kb fragment from the 3-HSF51 construct did not affect the expression pattern in the endodermal tissues, suggesting the residual 1.7 Kb fragment, which harbors the most distal DNase I HS site (arrowhead 1 in Fig. 2B ), functions as a lung and gut enhancer (Table 1 ). We named this 1.7 Kb fragment SLGE (Shh lung-gut enhancer).
Functional properties of SLGE in vivo and in vitro
We previously reported that a limb bud enhancer, MFCS1, which is also known as ZRS (Lettice et al., 2003) , interacts directly with the Shh promoter region in the Shh-expressing limb bud cells, but not in other tissues ). To determine whether SLGE physically interacts with the Shh promoter in association with transcriptional activity, we conducted a 3C assay, which has been used to measure associations between two genomic regions (Dekker et al., 2002) . Shh-expressing lung buds were isolated from E12.5 mouse embryos. Crosslinked genomic DNAs in cells prepared from the lung buds were digested with DpnII and then ligated. PCR primers were designed for each DpnII fragment of interest (Fig. 4A) . We quantified the crosslinking frequency between SLGE and several regions, including the Shh promoter, by real-time PCR. SLGE frequently interacted with the Shh promoter but not with the two DNase I HS sites near the Shh CDS or with the MFCS1 limb bud enhancer (Fig. 4B) . The result indicated that SLGE acts in immediate proximity to the Shh promoter in vivo.
The embryonic expression of Shh ceases by the later stages of lung and gut development, and expression of Shh is observed only in a part of stomach in the adult mouse. Shh signaling is activated in several tumor tissues and cancer cell lines derived from human and mouse endoderm Jones et al., 2006; Lee et al., 2007; Sims-Mourtada et al., 2006; Yang et al., 2010) . The ENCODE data indicated that SLGE retains active chromatin marks in the mouse adult endoderm (Fig. 2) ; therefore, SLGE may be able to react with transcription factors in neoplastic tissues. To examine the activity of SLGE for gene expression in cancer cells, we carried out luciferase assays using a human colon adenocarcinoma cell line, Caco-2. The SLGE-luciferase construct showed an approximately threefold increase, as compared with the control empty vector (Fig. 4C) . To explore which regions contain the element necessary for expression in the tumor cells, the enhancer activities of the 5 0 and 3 0 halves of SLGE were examined. Although the proximal or distal halves of the SLGE fragment both showed decreased luciferase activity in Caco-2 cells, their activities were still significantly higher than the background luminofluorescence level. The result indicated that multiple motifs in SLGE contribute to the gene regulatory activity.
Sequence conservation and molecular function of SLGE among rodents
Evolutionary conservation of SLGE is significantly lower than other endodermal enhancers. To determine whether closely related species have conserved SLGEs, the upstream region of Shh was compared among different species of rodents. Rat, squirrel and rabbit showed several conserved regions in addition to the three CNEs and SFPE within the 120 Kb region upstream of the Shh CDS (Fig. 5A) . Compared with 1.7 Kb of the mouse SLGE, the rat SLGE has a longer simple tandem repeat of GGA and showed 92.2% similarity in sequence. By contrast, the SLGEs of squirrel and rabbit showed lower sequence similarities of 71.9% and 71.6%, respectively. There are only two small peaks of conservation in the rabbit SLGE, as compared with the mouse sequence (Fig. 5B, S1 ). To examine how sequence conservation of SLGE affects transcriptional activity, a luciferase assay was conducted using the SLGEs of different species of rodents. In addition to the Mus musculus (mouse) SLGE, we cloned the SLGEs from the genomes of Mus spretus (spret), a species closely related to mouse, Rattus norvegicus (rat) and rabbit (Fig. 5B) . Although there are 20 SNPs and seven insertions/deletions between the 1.7 Kb SLGE sequences of mouse and spret, the luciferase activities of these two SLGE sequences in Caco-2 cells were almost the same. The rat SLGE-luciferase constructs showed somewhat higher activity than the mouse and spret constructs. On the other hand, the rabbit SLGE, which shows more sequence divergence from the mouse sequence (Fig. 5B) , showed significantly decreased luciferase activity (Fig. 5C ). Another gut and lung enhancer, MACS1 (Fig. 1A) , is highly conserved among mammalian species. In contrast to SLGE, rabbit MACS1 showed high luciferase activity in Caco-2 cells, as did the SLGEs of mouse, spret and rat (Fig. 5D ).
To confirm whether the rabbit SLGE lacks in vivo function, we generated transgenic mice with the LacZ reporter under the control of the rabbit SLGE. Unlike the mouse SLGE, X-gal staining was observed in the brain, limb bud and somites in the mice transgenic for the rabbit SLGE construct (Fig. 5E ). In the dissected endodermal tissues, no signals were detected in the esophagus, lung and intestine, although partial staining in the stomach was observed in two out of six transgenic embryos (Fig. 5F ). This result might be explained by the fact that transcription factors normally regulating Shh expression in the mouse embryonic endoderm cannot properly function on cis-regulatory elements derived from other species. To test this possibility, a medaka BAC clone, ola1-012F13, was used for the transgenic reporter assay. Medaka has a contracted shh locus; therefore, the BAC clone, ola1-012F13, probably contains all the regulatory elements. We inserted a LacZ cassette into the first ATG of medaka shh gene in the BAC clone, and then introduced it into mouse genome by transgenesis. The transgenic mice showed strong reporter signals in every tissue where mouse Shh is normally expressed (Fig. 5G and  H) , suggesting that transcription factors for mouse Shh expression are able to function properly, even on fish enhancers. The mechanism of Shh expression in the primitive gut is evolutionarily conserved between fish and mouse irrespective of the presence or absence of the SLGE-like sequence. Taken together, the function of SLGE appeared to vary, even among rodents, along with its sequence divergence.
Discussion
Comparison of SLGE with other endoderm-specific enhancers
We previously reported three CNEs that contain Shh endodermal enhancers in a region 600-900 Kb upstream of the mouse Shh CDS ). The combined function of these long-range enhancers, MRCS1, MFCS4 and MACS1, regulates the continuous expression of Shh from the oral cavity to the intestine along with the craniocaudal axis of the mouse embryo. MACS1 is responsible for a caudal part of endodermal Shh expression from the larynx to future large intestine. However, no reporter expression driven by these three enhancers was observed in the gastroesophageal stretch at E12.5. In contrast, the reporter expression driven by SLGE was observed not only in the intestine, but also in the esophagus and whole stomach. In the respiratory tissues, MACS1-driven reporter expression was found in the larynx and trachea, whereas SLGE-driven expression was detected only in alveoli, but not in the laryngotracheal sequence (Table 2) . Thus, the activities of the four enhancers fully cover the seamless expression domains of Shh in the epithelial linings of digestive tubes and the lung epithelium in mouse embryos.
The most significant characteristic of SLGE is its low evolutionary conservation in its nucleotide sequence, which contrasts with the high sequence conservation of the three other endoderm-specific enhancers among different vertebrate species. How can we interpret the lower conservation of SLGE? One possibility is that redundant enhancers may be involved in the regulation of Shh expression, not only in the lung and intestine, but also in the gastroesophageal stretch. Many genes are regulated by more than two enhancers that activate transcription in almost the same pattern (Shen et al., 2012) . Secondary enhancers, also known as shadow enhancers, likely contribute to phenotypic robustness. Loss of secondary enhancers of shavenbaby in the fruit fly led to an abnormal tricome pattern under stringent temperature conditions, but not at room temperature (Frankel et al., 2010) . Redundant function of the primary and secondary enhancers may allow them to easily adapt to environmental changes during evolution. In fact, SLGE has a redundant function with MACS1 for lung and intestinal expression of Shh. If there is another gastroesophageal enhancer, SLGE has been subjected to less evolutionary constraint than the three conserved enhancers, and has evolved at a higher pace than the others.
SLGE in other vertebrate species
The rabbit SLGE showed low sequence similarity to the mouse SLGE and no SLGE-like sequences were found in vertebrate genomes other than rodents. If SLGE were an enhancer for endodermal Shh expression only for restricted taxa of rodents, non-rodent animals would require an equivalent enhancer that regulates Shh expression in the gastroesophageal epithelium. The SLGE of rabbit cannot act properly in transcriptional environment of the mouse; therefore, rabbits may have an alternative gastroesophageal enhancer in a different position in their genome. A recent genome-wide study showed that the distribution pattern of cis-elements for transcription factors is mostly species-specific (Odom et al., 2007; Schmidt et al., 2010) . Two-thirds of the binding regions of four liver-specific transcription factors are not aligned between the mouse and human genomes (Odom et al., 2007) . Thus, binding regions of transcription factors may show a high turnover rate during evolution. This might have happened for the cis-elements responsible for the gastroesophageal regulation of Shh. Although no SLGE-like sequences were found around the shh locus in the medaka genome, the reporter gene placed in the medaka BAC clone was induced in the gastroesophageal tissues of mouse embryos. This result indicates that the medaka genome contains a regulatory element equivalent to mouse SLGE somewhere around the shh locus.
3.3.
Shh expression in the mouse adult endoderm and human cancer cell lines Histone H3 in the Shh CDS is trimethylated at the 27th lysine, and thus the gene is silenced in most tissues of adult mouse. On the other hand, SLGE shows DNase I hypersensitivity, and the H3K4me1 mark is observed specifically in the lung and intestine, indicating that SLGE has an open chromatin structure and is ready to react to transcription factors.
Enhancers in the open chromatin state may be in a poised state, and become active when cells are subjected to certain stimuli. In fact, the mouse lung epithelium rapidly expresses Shh and Hh signaling targets in response to naphthalene-induced airway injury . The ENCODE data show no DNase I HS site in MACS1 in lung of adult mouse; therefore, it is possible that, in injured lung cells, other enhancers including SLGE, but not MACS1 plays a role in the aberrant activation of Shh.
Constitutive expression of SHH is reported in some human cancer cell lines, such as a colon adenocarcinoma cell line Caco-2 (Jones et al., 2006; Sicklick et al., 2006) . Our luciferase assay revealed that the mouse SLGE fragment could respond to the transcription factor environment in Caco-2 cells. SLGE may have a role in regulation of Shh expression in the mouse neoplastic endoderm. There is no evolutionary conservation of SLGE; therefore, it is unknown whether the human genome has a counterpart of SLGE around the SHH CDS that regulates endodermal expression. In several cancer cell lines, many DNase I HS sites are detected within a region 100 Kb upstream of the human SHH CDS. SLGE has several putative binding sites for transcription factors that are shown in the public version of TRANSFAC database (http://www.gene-regulation.com/pub/databases.html). A genetic study indicated that mouse Shh is upregulated by forkhead box proteins, Foxa1 and Foxa2, in the lung buds (Maeda et al., 2007) . STAT signaling directly regulates SHH expression in human neuronal precursor cells (Sun et al., 2010) . Putative binding sites for Fox transcription factors and STAT are found in the SLGE. In human cancer cell lines, including Caco-2, putative Fox-and STAT-binding sites are found in some of the DNase I HS sites 
Materials and methods
BAC modification and vector construction
Modification of the bacterial artificial chromosome (BAC) DNAs was conducted using a previously reported method (Datsenko and Wanner, 2000; Tamura et al., 2013) . The pKD46 plasmid containing the arabinose-inducible k red recombinase gene was introduced into DH10B host cells carrying the BAC DNA of interest. The cell hosting both the BAC DNA and pKD46 was then transformed with approximately 500 ng of a DNA fragment of the LacZ and Kanamycin resistance cassette with homology arms. A specific recombinant of the BAC DNA was screened for by PCR. The flippase recognition target (FRT)-flanked kanamycin resistance selection marker was removed by introduction of a pCP20 plasmid that contains thermally inducible flippase (flp) gene. For the production of BAC deletion constructs, fragments to be deleted were removed from the BAC DNA by replacing them with a kanamycin resistance selection marker sandwiched between two mutated FRT (FRT2) sequences (Schlake and Bode, 1994 ). The selection marker was then removed by the inducible FLP in the bacteria.
PCR cloning of MACS1 and SLGE and surrounding fragments from genomic DNAs of C57BL/6J, Mus spretus (spret), Rattus norvegicus (rat) and rabbit was carried out using a high-fidelity KOD DNA polymerase (Toyobo). Primers used for cloning are listed in Supplementary Table 1. For the LacZ reporter assay, fragments were inserted into Hsp68-LacZ reporter vector, HSF51. For the luciferase assay, fragments to be assayed were inserted into the pGL4.23 vector (Promega).
4.2.
LacZ staining and whole-mount in situ hybridization Transgenic mice were generated by the pronuclear microinjection procedure, as previously described . For LacZ staining, mouse embryos were fixed in 2% paraformaldehyde and 0.2% glutaraldehyde containing 0.2% Nonidet P-40 for 1 h at 4°C, and then washed with PBS several times. Staining was performed in a solution containing 0.5 mg/ml X-gal, 5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 2 mM MgCl 2 and 0.2% Nonidet P-40 in PBS at 37°C overnight with shaking. A plasmid containing the mouse Shh cDNA was kindly provided by Dr. A.P. McMahon. To synthesize antisense RNA probes, the Shh clone was digested with HindIII, and then transcribed with T3 RNA polymerase. Whole-mount in situ hybridization was carried out using standard methods.
4.3.
Chromosome conformation capture (3C) assay
The 3C assay was performed as previously reported Gondor et al., 2008) . Briefly, lung buds were isolated from C57BL/6J mouse embryos at E12.5 and trypsinized to obtain single cell suspensions. 1 · 10 6 cells were crosslinked with fresh 1% paraformaldehyde for 10 min and then digested with DpnII overnight at 37°C. The digested DNAs were treated with 30 Weiss units of T4 ligase at very low concentration (<2.5 ng/ll) for 1 week. After protein digestion and reverse crosslinking, DNAs were purified by a spin column according to the manufacturer's instructions (PCR purification kit, QIAGEN). CYBR green-based real-time PCR quantified the crosslinking frequency (KAPA SYBR Fast qPCR kit, Nihon Genetics).
Cell culture and luciferase assay
Cells of the human colon adenocarcinoma cell line, Caco-2, were maintained in 20% FBS/MEM containing 1 mM sodium pyruvate, 0.1 mM nonessential amino acids and 100 mg/ml of Penicillin-Streptomycin. 60-70% confluent cells were transfected with luciferase reporter constructs using Lipofectamine LTX (Invitrogen). The Dual-Luciferase Reporter Assay System (Promega) measured the luciferase activity in the cell lysates, according to the manufacturer's protocol.
